Structural Analysis of Components of the Students for the Exploration and Development of Space Satellite (SEDSAT) for the Small Expendable Deployer System (SEDS) Project Office by Maddux, Gary A.
ii
N SNC - /9
Technical Report 5-34412
Contract No. NAS8-38609
Delivery Order No. 164
208276
Structural Analysis of Components of the Students for the
Exploration and Development of Space Satellite (SEDSAT) for the
Small Expendable Deployer System (SEDS) Project Office
(5-34412)
Final Technical Report for Period
1 April 1996 through 29 Sept 1996
March 1998
Prepared by:
Gary A. Maddux
Research Institute
The University of Alabama in Huntsville
Huntsville, Alabama 35899
Prepared for:
Marshall Space Flight Center
Huntsville, AL 35898
https://ntrs.nasa.gov/search.jsp?R=19980213230 2020-06-18T00:33:53+00:00Z
• , :L _,:!: .!_'!_ :,/:Z; ;!I! 7, ¸_¸', ,:,
Research Administration
REPORT FORM
1. Author(s): Gary A. Maddux
2. Principal Investigator: William Gnacek
3. Report Title: Structural Analysis of Components of the Students for the
Exploration and Development of Space Satellite (SEDSAT)
For the Small Expendable Deptoyer System (SEDS)
Project Office
4. Contract Title: Structural Analysis of Components of the Students for the
Exploration and Development of Space Satellite (SEDSAT)
For the Small Expendable Deployer System (SEDS)
Project Office
5. Agency (Name, Address, Contact): NASA, MSFC
6. Agency Contract Number: NAS8-38609
7. Date of Report: March 1998
8. School/Organization:
Department:
Research Institute
9. Department Report Number:
10. Subject Area;
Structural Analysisa°
b.
C.
°
2.
3.
11. May this report be released to the public? NO
YES NO NOTE: PER CONVERSATION WITH LORRI X226 AT UAH
Comments: SHE STATED THAT SHE E-MAILED GARY MADDUX AND
HE SAID "YES" THIS DOCUMENT COULD BE RELEASED
TO THE PUBLIC. THE ABOVE STATEMEMT IS CONFUSIN
AND APPARTENTLY MEANT FOR INTERNAL DIST. ONLY.
PREFACE
This technical report was prepared by the staff of the Research Institute, The
University of Alabama in Huntsville. The purpose of this report is to provide
documentation of the work performed and results obtained under Delivery Order 164 of
NASA Contract No. NAS8-38609. Mr. William Gnacek was the principal investigator.
Mr. Todd Matthews and Mr. Patrick Newton provided technical support.
The views, opinions, and/or findings contained in this report are those of the
author(s) and should not be construed as an official NASA position, policy, or decision
unless so designated by other official documentation.
Except as provided by the Contract Data Requirements List DD Form 1423,
hereof, the distribution of any contract report in any state of development or completion is
prohibited without the approval of the Contracting Officer.
Prepared for: Marshall Space Flight Center
Huntsville, AL 35898
I have reviewed this report, dated 3o /_tcr--q_g and the report contains no
classified information.
incip_/Investigator
i "1
TABLE OF CONTENTS
1.0
2.0
3.0
4.0
OBJECTIVES .................................................................................... 1
STATEMENT OF WORK ................................................................ 1
ANALYSIS ...................................................................................... 2
CONCLUSIONS AND RECOMMENDATIONS ............................ 2
_ ii.
• • • _ : _: :' •• :'/'•/,•, •'!:',I¸,Y';•'i_,:i!:i'_•_
1.0 Objective
The goal of this project was to perform a stress analysis on the University of
Alabama in Huntsville's SEDSAT1 satellite. The stress analysis was performed to ensure
the satellite would operate safely under the given loads and constraints. Since the satellite
was intended to be placed in orbit by the space shuttle, Marshall Space Flight Center
(MSFC) was responsible for approving the transport of the satellite.
Because of the limited time, it was not possible to construct a finite element
model analysis. Therefore, all of the calculations were hand calculations developed in
Excel spreadsheets.
2.0 Statement of Work
The statement of work, as outlined in delivery order 164, was as follows:
UAH shall perform the following specific activities:
Perform structural analysis of the SEDSAT structure, structural interface, and
attached mechanical elements.
These analysis shall include, but not be limited to, those required to demonstrate
that the SEDSAT structure does meet the requirements of HHG-730-1503-07.
Provide technical documents and briefings that summarize all efforts performed.
These documents and briefings shall include, but not be limited to: technical analysis;
graphical representations; selected components, subsystems and systems specifications/
functional requirements; issues and recommendations.
3.0 Analysis
The satellite is designed as a cube that roughly measures one foot on each side.
The six sides are made out of 6061-T6 aluminum plates, which are 1.0 inch thick. Each
side panel is fastened to the adjacent side with ten #4-40 steel screws. The bottom plate
is milled with an additional two-inch marmen clamp that is designed to mount to the
Hitchhiker (HH) carrier system inside the cargo bay of the space shuttle.
Within the marmen clamp are three separation switches that are used to deploy the
satellite. A tether line is connected to a spool in the cargo bay and to a tether arm on the
satellite. At the time of deployment, the separation switches would disconnect the
satellite from the cargo bay while the tether line held the satellite in place. The tether
would then be cut once the satellite is at the correct orbit level.
The main equipmentlocated'within the satelliteconsistsof two cameras, three
antennas, several circuit boards, and two batteries. One camera is designed to take
pictures of the earth while the other camera is pointed out into space. This information
would then be relayed back to the space shuttle through the antennas. Two
magnetorquers are used to control the movement of the satellite once it is in orbit. Each
component is held in place with screws and/or bolts.
For the stress analysis, three main areas were looked at. First, the fasteners that
held the six sides together were analyzed to determine if the satellite would hold together.
This analyses was performed by MSFC personnel. Secondly, a side impact analysis was
performed to determine if a loose component could penetrate the side of the satellite.
And lastly, an analysis of all the fasteners that held down the individual components of
the satellite was performed.
For each analysis, the ultimate loading placed on the satellite was determined
from the Customer Accommodations and Requirements Specifications (CARS). This
document details the design limits and requirements for payloads that are transported
using the Hitchhiker carrier system. The maximum loads placed on the satellite occur at
liftoff and at a possible remm landing.
4.0 Conclusion and Recommendations
During the time frame allocated by the delivery order, members of the UAH
Applied Research Program, with the cooperation of representatives from NASA
investigated and conducted stress analysis of the SEDSAT1 satellite.
The main area of concern was with the design of the deployable 10m antennas.
The placement of the holes for the antenna door hinge pin was too close to the edge of the
antenna canister. Because of the load placed on the hinge pin, the stress analysis of this
area suggested that more space would be needed between the holes and the edge of the
material.
Due to other conflicts, SEDSAT1 was removed from flying on the space shuttle
and moved to the Delta Launch Vehicle. This changed many of the design requirements
for the mounting and deployment of the satellite that forced a new design for the satellite.
Once this happened, the stress analysis became obsolete, and the task was concluded.
